cides are capable of affecting whole populations, and because they can become concentrated outside areas of application they are intrinsically uncontrollable.
To what extent have the theoretical fears of conservationists been confirmed in practice? Those concerned with the safety of Man and domestic animals can usually base their advice on toxicological studies. Those concerned with populations have to go much further: they have to assess the effects of pesticides on populations. It is important for the ecologist to know the LD50 of the pesticide on the species he is studying, but that information alone cannot tell him whether or not the pesticide is affecting a species as a whole. He needs to know about the distribution of the pesticide in relation to the distribution of the species, about residue levels in samples of the population, and about the effects of the pesticide in terms of population dynamics. It is a formidable task to obtain such information. As regards the organochlorine insecticides we are only just beginning to understand the nature of the problem. I shall briefly summarize researches which go some way to answering the pertinent questions.
To what extent is the environment contaminated by organochlorine insecticides? So far organochlorine insecticide residues have been found in most of the specimens analysedin air, in rainwater (Wheatley & Hardman 1965) , in soils, in rivers, and in living organisms; they have been recovered from plants in the Arctic, and from seals, penguins, skuas and fish from the Antarctic (George & Frear 1966) , from all seabird eggs analysed from the coasts of England, Scotland and Ireland (Moore & Tatton 1965) , and from deep water fish in the Pacific. The only categories of material which have not contained residues have been Antarctic snow and Antarctic invertebrates (George & Frear 1966) . Do organochlorine insecticides become concentrated in food chains? If they do, predators should on average contain more than animals of other feeding habits. A study of residues in British wildlife shows that predators contain much higher residues than other species (Moore 1965, and unpublished) . All local studies show the same phenomenon, although the rates of concentration vary greatly between ecosystems.
Are the levels found in wildlife species toxicologically significant? We do not have the toxicological data on which to answer the question categorically, because the species which contain the highest residues have not been studied in the laboratory. But if we assume that these species react to pesticides in the same way as those studied under laboratory conditions, at least five avian species contain residues which indicate that they are threatened (Moore 1965) .
Is there evidence that the species containing high residue levels have declined since the introduction of the organochlorine insecticides? Of the five species the fish-eating heron (Ardea cinerea) and the great crested grebe (Podiceps cristatus) have shown no decline; the bird-eating species, the peregrine falcon (Falco peregrinus), the sparrow-hawk (Accipiter nisus) and the kestrel (Falco tinnunculus) have shown considerable and otherwise inexplicable declines (Ratcliffe 1963, Prestt 1965, and unpublished). Such are the difficulties of counting animals that for the vast majority of species we do not know whether they have increased or decreased since the introduction of organochlorine insecticides, nor do we know their residue burden or their toxicological reactions to these chemicals.
We can make one conclusion from these studies. It is highly dangerous to make sweeping generalizations about either the harmfulness or the harmlessness of the organochlorine insecticides. We know enough to say that but no more.
Mr D W Jolly
(Huntingdon Researclh Centre, Huntingdon)
Organochlorine Pesticides and Farm Livestock
There has been much discussion, indignation and legislation over the residual properties of the organochlorine pesticides, which have lingered in the soil and within the bodies of terrestrial and aquatic creatures. One facet of this controversy which has been neglected is the reason for the use of persistent insecticides on lifestock.
Grazing cattle and sheep can be under almost constant attack from airand ground-borne parasites for six to seven months of the year; this excludes the animal's own burden of permanent parasites. Where the economics of farming force the concentration of animals, parasites may multiply and cause heavy losses of livestock. Sheep, for example, are liable to become the unwilling recipients of clutches of blowfly eggs from April until October. Unless the subsequent myiasis is checked, they may be virtually eaten to death by maggots. The cost of this one form of parasitism was estimated to be £840,000 in 1934 (Ministry of Agriculture, Fisheries and Food 1964). On many hill pastures, sheep become infested during spring and autumn-with the tick Ixodes ricinus, and thereby infected with a neurotropic virus, a rickettsia and bacteria. Sheep are also a permanent host to two species of lice, the ked (Melophagus ovinus), a wingless bloodsucking fly and, until some fifteen years ago, a psoroptic mite.
The earliest practical and relatively effective way of relieving the sheep of its parasitic load was a dip containing arsenic and sulphur. This was introduced in 1843 by a veterinary surgeon, William Cooper. Later emulsions of phenols and derris were also used as sheep dips. However, it was soon apparent that, while the active principles of these dips were effective in killing the motile stages of the parasites on the body of the sheep at the time of the immersion, they did not remain active long enough to kill all young keds, lice and mites when they emerged from their chitinous shell or pupa, nor to protect against attack by maggots and ticks for more than a few days. Much effort was therefore directed towards ways of fixing the early insecticides to the wool fibre by mixture with stickers and wetters, formulated as black or white emulsions or as wettable powders. The concentrations of the active ingredients were raised until arsenical scald was an accepted hazard of sheep dipping and fat sheep were routinely dipped last in phenolic washes to save them from phenolic poisoning. Attempts to produce a persistent parasiticide were without success until the introduction of the organochlorine compounds. The impact of these on the livestock ectoparasites was spectacular. Sheep could be protected for months by their residual action. Gamma BHC eradicated the psoroptic mite from the British Isles; dieldrin protected sheep against maggots for practically the entire season. This extended the keeping of sheep to many small farmers who could not otherwise have afforded the time and labour which the menace of the maggot fly had demanded. The sheep ked is now an entomological rarity.
The safety of the organochlorine. compoundswas matched by their efficiency. Radeleff (1964) quotes a studyinwhich22 5 g of DDT, dissolved in oil, was applied to cattle weekly for three years without ill effect. Sheep have been dipped in forty times the accepted dieldrin wash concentration without ill effect (Jolly 1954) . The evidence that the organochlorine pesticides accumulate in the fat of animals was first indicated when Carter et al. (1948) detected DDT in the tissues of pigs. Within the next five years, a number of workers demonstrated that DDT, and several other compounds of the group, were eliminated in the milk of treated cows. Radeleff (1964) showed that after a single topical spray of 2 litres of wash containing 0 5 % active ingredient, DDT and dieldrin were eliminated in the milk for at least twenty-one days in amounts-ranging from 1 to 7 ppm. A ban on the use of these organochlorine pesticides for dairy cattle was a logical sequel.
Complaints that residues were present in lamb carcasses were first made in 1956. These resulted in a joint investigation by the Governments of the United Kingdom and New Zealand, Shell Research Ltd, and the Cooper Technical Bureau (Egan 1965) . A group of 31 sheep were dipped in 0 05 % dieldrin, or driven through a race while being sprayed with a 0 25 % dieldrin wash. Groups of these sheep were then slaughtered at intervals of 4i, 9+, 13+ and 17+ weeks and the dieldrin content in samples of fat and muscle was determined.
The means of these determinations are summarized in Table 1 . Egan (1965) also described a survey of home-killed mutton in which the average dieldrin residue level was 2-4 ppm. This would represent intake of 0.1 mg dieldrin for each two ounces of mutton fat.
Dieldrin has been used extensively as a sheep dip or spray for a decade and its safety record to sheep and shepherd is excellent. There is likewise no evidence that consumers of fat from treated sheep have suffered from the ingestion of these minute amounts of dieldrin. Nevertheless it is now accepted that all parasiticides used on livestock must confine their activity to the skin and hair of the animal. Some of the new organophosphorus insecticides appear to possess these properties. Dieldrin is no longer being sold as a sheep parasiticide. Residue data are required for all new products.
To demonstrate the impact on the productivity of agriculture of the use of pesticides and herbicides with other changes in farm practice, Metcalf (1965) Those of us who are called upon to give an opinion about the safety of agricultural chemicals follow what has become a conventional procedure (FAO/WHO 1964) . First, we want to know exactly what the substance is, physically and chemically. The organochlorines are very stable, being resistant to both chemical and biological degradation, and, further, they are scarcely water-soluble, though they readily dissolve in lipids. These features, in the main, account for their outstanding persistence.
Secondly, we like to investigate their uptake by, and subsequent fate in, the body. Overall, the organochlorines gain access to the body by various routesoral, percutaneous and inhalationand, once in, they are reluctant to leave, being retained by lipid storage. The accumulation is not indefinite, however; given a steady intake, there is a so-called 'plateau-effect' of body load.
Thirdly, we seek some enlightenment on acute toxicity. In man, overdosage is characterized by central nervous system stimulation, with headache, muscle fibrillation, anxiety, convulsions and coma (Hayes 1963 , Zaron 1964 . Where survival ensues, no lasting stigmata can be detected.
We are also preoccupied with any disorders that may accompany prolonged intake at lower levels. Thus, certain doses of DDT can be given almost indefinitely in the diet of the animal, without any significant demonstrable effect, either during life or post mortem. Yet, in some instances with rats, small cytoplasmic changes can be found in the liver cells. They are not always present and, on withdrawal of the chemical, they are reversible. Whatever their significance, they are hardly to be regarded as arrestingly ominous. Thus it is accepted that there is for DDT a maximum no-effect dietary level. In the rat this is 1 ppm, equivalent to a daily intake of 05 mg per kg body weight.
But with aldrin and dieldrin we find that longterm feeding in animals, even at quite low rates of intake, is very often accompanied by histological changes in the liver. These are seen in mice, rats and dogs. In short, a maximum noeffect level for these chemicals has not so far been arrived at. Even so, the meaning of these liver reactions is still far from clear. Few who are well versed in cancer microscopy are prepared to designate what they see as neoplastic, or even pre-neoplastic. A doubt nevertheless remains. The same suspicion, perhaps less well founded, may linger for some of the other organochlorines as well. If, however, there is one other member of the series that seems to have passed all its trials without attracting adverse comment it is probably lindane.
We are left, therefore, with the conclusion, that these organochlorine compounds may be capable, in sufficient dosage and after prolonged intake, of causing hepatic derangement. The possibility that there may be lower levels of intake which, even throughout life, are without any detrimental effect remains to be resolved. And it should be borne in mind that the quantities fed to animals, minimal as they may seem, are yet substantially in excess of the amounts likely to be taken up by man.
None of these chemicals is purchased or used simply for the sake of devilry. In agriculture and public health they are capable of conferring enormous benefits. We have to strike a balanceto use these substances to the best advantage whilst limiting exposure as far as we possibly can. How far can this be achieved?
First there are the handlers and the operators. At the production stage it is essentially a question of industrial hygiene. Mistakes have been made in the past, but this is something to which enormous care is now applied. Even so, personnel
